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Menthly Frogress Fepert
Dogsmber 1857

Task Ordor No, 2
Contract No, RD=94

Audio Noise Redustion Circuiis

The objedt of this projset iz to develop a noise reductioan oirouit
~suitatle for use in separating spsech Intelligence f{rom a signal oontaining
specch and noise when tho spesch intelligence is macked by the noise. The
propcsed method involves a prinociple whioh has been used successfully to
improvs the signal-=to-ncice retio in rusioc reproducing or transmission
syltems.l The systom ussd for imeslo containg bandpass filters which pass
frequencies over a ranges of an cotave or less. These filters are used
at the input and output of & non-linvar element. The output of the non-
linear olemsnts contain the fundamental, and also hermonics and subharmonios
of ths fundemental. Eowovsr, since the pass bend of the input and output
bandpass filters is no greater than an ootave, the harmoanics and cubharmonios
are not trangmitisd by the systoms The function of the non-linear elemsnt
is to rejsot all noise signals below a given amplitude or threshold level.
The threskold levels of the nenelinear devices in sach channel cen be
adjusted so that, in the absence of desired zignel, the nolsse is rejected.
When the desired signal is greater than the threshold level, ithe non-lineer
elemsnts allcw the compesite sipgnal %o pass. Thus, for pussages of recorded
misic, when the musio aignal is bolow the ncise level in & given frequency
chennsl, the channel is inoperative, arnd its output is sliminated from the
total output. Since the contributlon of this channel to the votal output
would have been ouly noise, the over=cll noise level is reduced. When the
musle sigral in a given channel is pgrester than tho ﬁoiae, the ohannel
conducts and allowis the composite signal to pass. Thus, a channel conducts

only when the desired signal is greater than the noise, and rejects when

lo H.F, Olson, "Electronics,” Dec., 1947,
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noiee al.ne 1s present,

In order to apply this method of noise reduction to speech, when
the +ide band spesch signal-=to-noise vatic is very low, it was believed
rscessary to find frequensy reglons in which the speech amplitude is
greater than the nolss. Although the long time average spectrum of spesech
is continucug, and aimilar in slepe to ths spestrum of room noiaen,,2 the
short time spactrum of wvaricus spessh souwnds contains regions of maximum
energy celied spesch fornmntses Tre szsumption that this method of noise
reduction should be utiliged for spsecsh was based upon the bellef that it
vould be possible to find frequency regions in which the amplitude of the
spesch formants would be greater than the noicée a substantial part of the
time o

& study has been made to determine what bandwidths are required in
order to obtain speech formant amplitudes above the nolse whon a wide band
speech sample is just intelligible in noise, It is known that for nolses
with a continuous spectrum it is the noise componernts in the imuediate
frequancy region of the masked tone which confiribute to the msking.4 When
a very narrck band of noise is used to mask a pure tone, the masking increases
as tho bandwidth is inoreased until e certain bandwidth is reachsd. After
this, as the bandwidth ie inoreassd, the amount of masking remminz conatant.
This bendwidth at which ths mmaking reachos a fixsc value is {termed the

critical bandwidth,s Heasursments have besn made using filtere which were

o Ho Fleotoher, "Speech end Hezring on Communicaticn,” Van Nostrand Co., Ime.,
Nex York, 19563 (see Fipures 61 and 70).

de 0}’}«01*;-; Ohapo 1,

)

4o LoLe Boranek, "The Dosign of Speech Communioation Systems,” Proe. IRE,
Vol. 35, pp. 882, Sept., 1847,

$. N.R. French and J.C. Steinberg, "Factors Governing the Intelligibility
of Speech Sounds,” Jour. Accus®t. Sco. Amer., Vol. 19, Jan., 1947,
(Sae Figure 7).
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both narrower end wider than the criticel bandwidth. Both pure tones and
speech mixed with continucus spectrum type noises have been studied. The
results of this study show that, for the narrowest permissible bands which
can be used to pass spesch forments, the number of times the speech formant
amplitude in a given band exceeds the noise is small. Also, in these bands,
the speech amplitude is never considerably greater than the noise. Since
very narrow beandwidths are required to reduce the noise below the signal,
the number of bands reguired to cover the speesh spectrum is quite large.
There was no satisfactory way of svaluating the effect uvon speech
intelligence of small contributions from many narrow bands without building
a many channeled oirouit and evaluating it. A complete multi-chennel system
has been developed in order to determine the effectiwveness of this method of
improving speecch intelligibility in noises The multi-channel system °
developed contains 110 channels covering the freduency range from 170 to
3200 cpse. The bandwidth and the threshold lsvel of each channel is
adjustables The 110 channels are arrenged on 1l chassis with 10 channels

on each chassis.

During December several tests were performed to evaluate the noise
reducsr. Tests were completed with the bandwidth of each of the 110 channels
adjusted 6 db narrower than the critical bands, i.e., the bandwidths in
cyolos were 25% of the oritical bandwidths for two ears. Tests were made
using flat noise and sim:lated room noise mixed with speech at various
signal to noise ratios. The thresholds of the noise reducer were set flat
and also shaped to match the shape of the simleted room noise. With the
110 bands adjusted to this very narrow setting, the noise reducer does not

pass speoch effectively in the absence of noise. It does not appear to
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improve the intelligibility of spoech at any signal to noise ratio.
The bandwidth of all 110 channels were readjusted to be 3 db
narrower than the critical bands of the ear. Listening tests for this

condition are now in progress.

Janvary 13, 19568
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